






































regions	in	the	world	by	2100	(Raymundo	et	al.,	2014).	However,	Stockle	et	al.	(2010)	 indicated	that,	 taking	 into	account	 the	effect	of	CO2,	adaptation	strategies	on	crop	production	might	guarantee	the	current	production	 levels	under	 future	climate

































































































Location Year lata lonb altc Objectived tre cultf repg In-season	sampling Measured	variablesh Soil	Texturei Reference
Argentina,	Balcarce 1991 −37.8 −58.3 97 N	rates 4 1 5 tu CL Travasso	et	al.	(1996)
Australia 1970 −35.0 149.0 Radiation	deficit 3 1 10 tuf,LAI SC Hoogenboom	et	al.	(2012)
Belgium,	Tervuren 1998–1999 50.8 4.5 97 CO2	OTC 1 1 3–6 2 tu,le,st,to,LAI SiL De	Temmerman	et	al.	(2002a)
Bolivia,	Belen 1997 −16.0 −68.7 3640 Cultivar	adaptation 1 3 3 3 tu,le CL Condori	et	al.	(2010)
Bolivia,	Chinoli 1997 −19.6 −65.3 3450 Cultivar	adaptation 1 1 3 4 tu,le,st,ro,to SL Condori	et	al.	(2010)
Bolivia,	Koari 1997 −17.4 −65.6 3500 Cultivar	adaptation 1 3 3 3 tu,le,st CL Condori	et	al.	(2010)
Bolivia,	Patacamaya 1997 −17.2 −68.0 3780 Cultivar	adaptation 1 2 3–4 tu,le,st,ro SiCL Condori	et	al.	(2010)
Bolivia,	Patacamaya 1998	(2) −17.2 −68.0 3780 Cultivar	adaptation 1 2 3 3–4 tu,le,st,ro SCL Condori	et	al.	(2010)
Bolivia,	Toralapa 1993 −17.5 −65.7 3430 Cultivar	adaptation 2 3 4 7 tu,le,st,ro, CL Condori	et	al.	(2010)
China,	Huhhot 1996 40.5 111.4 1065 Partitioning 1 1 6 tu,LAI SL Gao	et	al.	(2003)
China,	Huhhot 1998 40.5 111.4 1065 Partitioning 1 2 6 tu,le,st,to SL Liu	et	al.	(2003b)
China,	Jining 1999 41.0 113.0 Partitioning 1 2 6 tu,le,st,to SL Gao	et	al.	(2004)
China,	Zhalan 1997 48.0 123.0 Various 1 2 7 tu,le,st,to SL Liu	et	al.	(2003a)
China,	Zhalan 1998 48.0 123.0 Partitioning 1 3 7 tu,le,st,to SL Gao	et	al.	(2004)
Colombia,	Cundinamarca 1999 4.4 −74.1 Model	validation 1 1 9 tu,le,st,to,LAI SiL Forero	Hernandez	and	Garzon	Montaño	(2000)
Denmark,	Jyndevad 1982–1983 54.9 9.1 10 Various 3 4 14–15 tu,to S Jørgensen	(1984)
Denmark,	Jyndevad 1990–1993 54.9 9.1 10 N	rates 4 1 6–7 tu,ro,to,tuN,roN,toN S Edlefsen	(1991)
Denmark,	Jyndevad 1984–1986 54.9 9.1 10 N	rates 2 1 5–7 tu,to,tuN S Jørgensen	and	Edlefsen	(1987)
Denmark,	Tylstrup 1981–1983 57.2 10.0 10 Various 4 4 13–14 tu,to S Bach	and	Nielsen	(1985)
Ecuador,	San	Gabriel 1985 0.6 −77.8 N	rates 3 2 4 tu SL Clavijo	Ponce	(1999)
Finland,	Jokioinen 1998–1999 60.8 23.5 84 CO2	OTC 1 1 3 2 tu,le,st SL De	Temmerman	et	al.	(2002a)
Germany,	Giessen 1998–1999 50.6 8.7 68 CO2	OTC 1 1 1–6 2 tu,le,st,to,LAI SL De	Temmerman	et	al.	(2002a)
Germany,	Giessen 1998–1999 50.6 8.7 68 CO2	FACE 1 1 2–6 2 tu,le,st,to,LAI SL De	Temmerman	et	al.	(2002a)
India,	Ludhiana 2008–2011 30.9 75.8 244 N	rates	and	irrigation 4 1 1 tuf SL Arora	et	al.	(2013)
India,	Modipuran 2002–2009 28.7 77.2 228 Various 1 1 1 tuf L,SiCL
Ireland,	Carlow 1998–1999 52.9 −6.9 57 CO2	OTC 1 1 3 2 tu,le,st,to SiC De	Temmerman	et	al.	(2002a)
Italy,	Rapolano 1998–1999 42.7 11.9 38 CO2	FACE 1 1 3–4 2 tu,le,st,to,LAI SL De	Temmerman	et	al.	(2002a)
Peru,	La	Molina 2003–2010 −12.1 −77.0 244 Cultivar	adaptation 1 1 1 tuf SL
Peru,	La	Molina 2013 −12.1 −77.0 244 Cultivar	adaptation 1 3 3 5 tu,le,st SL
Peru,	La	Molina 1985 −12.1 −77.0 244 Cultivar	adaptation 2 3 5 tu,le,st,to,LAI SL,	SCL,SL Trebejo	and	Midmore	(1990)
Peru,	San	Ramon 1984 −11.1 −75.3 800 High	temperature	tolerance 1 3 4 tu,le,st,to SL Nelson	(1987)
Peru,	San	Ramon 2013 −11.1 −75.3 800 High	temperature	tolerance 1 3 3 5 tu,le,st,to SL
Scotland,	Dundee 1984–1985 56.5 −3.1 40 N	rates 2 1 8 tu,le,st,to,LAI,de,tuN,leN,stN,toN SL Marshall	and	Van	Den	Broek	(1995)
Scotland,	Dundee 1986–1987 56.5 −3.1 40 Irrigation 4 1 8 tu,le,st,to,LAI,SWC SL Marshall	and	Van	Den	Broek	(1995)
Sweden,	Goteborg 1998–1999 57.9 12.4 58 CO2	OTC 1 1 4–6 2 tu,le,st,to SL De	Temmerman	et	al.	(2002a)
Uganda,	Kalengyere 2001–2009 −1.2 29.8 2400 Various 1 1 1 tuf C
United	Kingdom,	Sutton 1998–1999 52.8 −1.3 87 CO2	OTC 1 1 3 2 tu,le,st,to,LAI SL
United	States,	Benton 2003 45.9 −119.5 N	rates 2 1 5–6 tu,le,st,to,LAI,tuN,leN,stN,toN S Alva	et	al.	(2010)
United	States,	Hastings 2011–2012 29.7 −81.5 2 N	rates 2 3 3 1 tu,le,st,tuN,leN,stN,toN,soN S Zotarelli	et	al.	(2014)
United	States,	New	York 1980 42.4 −76.5 Various 1 1 5 tu,le,st,to SL Hoogenboom	et	al.	(2012)
United	States,	Idaho 1988 45.8 −119.3 Various 1 9–15 tu,le,st,to,LAI SL Hoogenboom	et	al.	(2012)
United	States,	Suwanee 2010–2013 30.1 −83.1 13.7 N	mass	balance 1 1 12 1 tuf S Prasad	et	al.	(2015)
United	States,	Suwanee 2001 30.1 −83.1 13.7 N	mass	balance 1 1 4 3–5 tu,le,st,soN,SWC S Albert	(2002)









DOY N	application	(kg 	ha−1)** Irrigation	(mm) Rainfall	(mm) Type	of	irrigation CO2	(ppm) Cultivar
Argentina,	Balcarce 1991 1 298 n.a. 64 0 113 540 Mixed Default Spunta
2 298 n.a. 64 60	(1) 113 540 Mixed Default Spunta
3 298 n.a. 64 120	(1) 113 540 Mixed Default Spunta
4 298 n.a. 64 160	(1) 113 540 Mixed Default Spunta
Australia 1970 1 222 273 356 425	(2) n.a. 219 Full Default Sebago
2 222 273 356 425	(2) n.a. 219 Full Default Sebago
3 222 273 356 425	(2) n.a. 219 Full Default Sebago
Belgium,	Tervuren 1998+ 1N 127 135 257 205	(2) 373 423 Mixed 380 Bintje
2	N 127 135 257 205	(2) 373 423 Mixed 386 Bintje
3	N 127 135 257 205	(2) 373 423 Mixed 676 Bintje
1999+ 1	N 131 144 250 220	(2) 182 204 Full 365 Bintje
2	N 131 144 250 220	(2) 181 204 Full 370 Bintje
3	N 131 144 250 220	(2) 183 204 Mixed 664 Bintje
Bolivia,	Belen 1997 1 288 316 84 110	(1) n.a. 264 Full Default Waycha
2 288 316 84 110	(1) n.a. 264 Full Default Lucky
Bolivia,	Chinoli 1997 1 301 340 62 124	(1) n.a. 275 Full Default Desiree
Bolivia,	Koari 1997 1 281 329 111 100	(1) – 540 Rainfed Default Waychacal
2 281 329 111 100	(1) – 540 Rainfed Default Alphacal
3 281 329 111 100	(1) – 540 Rainfed Default Luckycal
Bolivia,	Patacamaya 1997 1	N 300 351 112 110	(1) n.a. 341 Full Default Waycha
2	N 300 351 112 110	(1) n.a. 341 Full Default Lucky
Bolivia,	Patacamaya 1998–1 1 292 347 110 110	(1) n.a. 334 Full Default Waycha
2 292 347 110 110	(1) n.a. 334 Full Default Lucky
Bolivia,	Patacamaya 1998–2 1	N 292 342 110 110	(1) n.a. 334 Full Default Waycha
2	N 292 342 110 110	(1) n.a. 334 Full Default Lucky
Bolivia,	Toralapa 1993 1	N 295 351 103 120	(1) n.a. 440 Full Default Waycha
2	N 295 351 103 120	(1) n.a. 440 Full Default Alpha
3	N 295 351 103 120	(1) n.a. 440 Full Default Lucky
4	N 295 351 103 120	(1) – 440 Rainfed Default Waycha
5	N 295 351 103 120	(1) – 440 Rainfed Default Alpha
6	N 295 351 103 120	(1) – 440 Rainfed Default Lucky
China,	Huhhot 1996 1 118 n.a. 250 150	(2) n.a. 252 Full Default Desiree
China,	Huhhot 1998 1 115 n.a. 253 150	(2) n.a. 470.9 Full Default Desiree
China,	Jining 1999 1 119 n.a. 234 74	(2) n.a. 156 Full Default Desiree
2 119 n.a. 234 74	(2) n.a. 156 Full Default Kexin	1cal
3 119 n.a. 234 74	(2) n.a. 156 Full Default Jinguancal
China,	Zhalan 1997 1 119 n.a. 253 180	(2) n.a. 89 Full Default Desiree
China,	Zhalan 1998 1 119 n.a. 242 90	(2) – 754 Rainfed Default Kexin	1
2 119 n.a. 242 90	(2) – 754 Rainfed Default Neishu	7cal
Colombia,	Cundinamarca 1999 1 119 143 262 100	(1) – 392 Rainfed Default Capiro
Denmark,	Jyndevad 1981 1 119 149 225 155	(1) 169 431 Mixed Default Bintje
1982 1 119 148 236 155	(1) 222 521 Mixed Default Bintje
1983 1 122 148 215 155	(1) 156 370 Mixed Default Bintje
Denmark,	Jyndevad 1990 1 107 n.a. 267 180	(1) 107 499 Mixed Default Bintjecal
2 107 n.a. 267 180	(4) 104 499 Mixed Default Bintjecal
3 107 n.a. 267 180	(4) 105 499 Mixed Default Bintjecal
1991 1 101 149 273 180	(1) 137 390 Mixed Default Bintje
2 101 149 273 180	(3) 137 390 Mixed Default Bintje
3 101 149 273 180	(3) 137 390 Mixed Default Bintje
1992 1 100 139 224 180	(1) 231 195 Mixed Default Bintje
2 100 139 224 180	(3) 231 195 Mixed Default Bintje
3 100 139 224 180	(4) 231 195 Mixed Default Bintje
1993 1 110 133 263 180	(1) 70 350 Mixed Default Bintje
2 110 133 263 180	(3) 70 350 Mixed Default Bintje
3 110 133 263 180	(4) 70 350 Mixed Default Bintje
Denmark,	Jyndevad 1984 1 117 151 278 150	(1) 71 519 Mixed Default Tilvacal
2 117 151 278 200	(1) 71 519 Mixed Default Tilva
1985 1 119 149 270 150	(1) 27 465 Mixed Default Tilva
2 119 149 270 200	(1) 27 465 Mixed Default Tilva
1986 1 118 146 293 150	(1) 186 488 Mixed Default Tilva
2 118 146 293 200	(1) 186 488 Mixed Default Tilva
Denmark,	Tylstrup 1981 1 120 155 272 140	(1) 25 405 Mixed Default Bintje
2 120 152 272 140	(1) 25 405 Mixed Default Savacal
3 120 149 272 140	(1) 25 405 Mixed Default Posmocal
4 120 150 272 140	(1) 25 405 Mixed Default Kaptahcal
5 120 145 272 140	(1) 25 405 Mixed Default Dianellacal
1982 1 109 149 270 180	(1) 185 607 Mixed Default Bintje
2 109 155 270 180	(1) 185 607 Mixed Default Sava
3 109 152 270 180	(1) 185 607 Mixed Default Posmo
4 109 152 270 180	(1) 185 607 Mixed Default Kaptah
5 109 149 298 180	(1) 185 607 Mixed Default Dianella
1983 1 109 154 298 160	(2) 135 566 Mixed Default Bintje
2 109 154 298 160	(2) 135 566 Mixed Default Sava
3 109 150 298 160	(2) 135 566 Mixed Default Posmo
4 109 154 298 160	(2) 135 566 Mixed Default Kaptah
5 109 149 298 160	(2) 135 566 Mixed Default Dianella
Ecuador,	San	Gabriel 1985 1 45 76 241 168	(2) – 426 Rainfed Default INIAP-maria
2 45 76 241 117	(1) – 426 Rainfed Default INIAP-gabriela
3 45 76 241 168	(2) – 426 Rainfed Default INIAP-maria
4 45 76 241 117	(1) – 426 Rainfed Default INIAP-gabriela
Finland,	Jokioinen 1998+ 1 152 163 270 80	(2) – 329 Full 375 Bintje
1999+ 1 149 159 264 80	(2) – 122 Full 550 Bintje
Germany,	Giessen 1998+ 1	N 124 134 250 150	(2) 67 365 Mixed 373 Bintje
2	N 124 134 250 150	(2) 67 365 Mixed 541 Bintje
3	N 124 134 250 150	(2) 67 365 Mixed 690 Bintje
1999+ 1	N 130 147 258 116	(2) 152 267 Full 380 Bintje
2	N 130 147 258 116	(2) 152 267 Full 541 Bintje
3	N 130 147 258 116	(2) 148 267 Full 708 Bintje
Germany,	Giessen 1998 + + 1	N 125 135 257 150	(2) 186 417 Mixed 401 Bintje
2	N 125 135 257 150	(2) 186 417 Mixed 429 Bintje
1999 + + 1 130 145 239 156	(2) 128 250 Full 374 Bintje
2 130 145 239 156	(2) 126 250 Full 491 Bintje
India,	Ludhiana 2008 1 290 n.a. 29 0 80 18 Mixed Default Kufri	Bahar
2 290 n.a. 29 136	(2) 80 18 Mixed Default Kufri	Bahar
3 290 n.a. 29 180	(2) 80 18 Mixed Default Kufri	Bahar
4 290 n.a. 29 224	(2) 80 18 Mixed Default Kufri	Bahar
5 290 n.a. 29 0 160 18 Mixed Default Kufri	Bahar
6 290 n.a. 29 136	(2) 160 18 Mixed Default Kufri	Bahar
7 290 n.a. 29 180	(2) 160 18 Mixed Default Kufri	Bahar
8 290 n.a. 29 224	(2) 160 18 Mixed Default Kufri	Bahar
9 290 n.a. 29 0 200 18 Mixed Default Kufri	Bahar
10 290 n.a. 29 136	(2) 200 18 Mixed Default Kufri	Bahar
11 290 n.a. 29 180	(2) 200 18 Mixed Default Kufri	Bahar
12 290 n.a. 29 224	(2) 200 18 Mixed Default Kufri	Bahar
2010 1 285 n.a. 29 0 80 32 Mixed Default Kufri	Bahar
2 285 n.a. 29 136	(2) 80 32 Mixed Default Kufri	Bahar
3 285 n.a. 29 180	(2) 80 32 Mixed Default Kufri	Bahar
4 285 n.a. 29 224	(2) 80 32 Mixed Default Kufri	Bahar
5 285 n.a. 29 0 160 32 Mixed Default Kufri	Bahar
6 285 n.a. 29 136	(2) 160 32 Mixed Default Kufri	Bahar
7 285 n.a. 29 180	(2) 160 32 Mixed Default Kufri	Bahar
8 285 n.a. 29 224	(2) 160 32 Mixed Default Kufri	Bahar
9 285 n.a. 29 0 200 32 Mixed Default Kufri	Bahar
10 285 n.a. 29 136	(2) 200 32 Mixed Default Kufri	Bahar
11 285 n.a. 29 180	(2) 200 32 Mixed Default Kufri	Bahar
12 285 n.a. 29 224	(2) 200 32 Mixed Default Kufri	Bahar
India,	Modipuran 2002 1 288 n.a. 3 181	(2) n.a. 0 Full Default Kufri	Bahar
2003 1 299 n.a. 18 181	(2) n.a. 30 Full Default Kufri	Bahar
2004 1 293 n.a. 11 181	(2) n.a. 0 Full Default Kufri	Bahar
2005 1 289 n.a. 8 181	(2) n.a. 1 Full Default Kufri	Bahar
2006 1 294 n.a. 13 181	(2) n.a. 0 Full Default Kufri	Bahar
2007 1 298 n.a. 17 181	(2) n.a. 0 Full Default Kufri	Bahar
2008 1 290 n.a. 8 181	(2) n.a. 12 Full Default Kufri	Bahar
2009 1 302 n.a. 21 181	(2) n.a. 0 Full Default Kufri	Bahar
Ireland,	Carlow 1998	N 1 128 138 280 250	(2) 61 343 Full 372 Bintje
2 128 138 280 250	(2) 31 343 Full 693 Bintje
1999	N 1 140 152 249 250	(2) 89 392 Full 372 Bintje
2 140 152 249 250	(2) 91 392 Full 670 Bintje
Italy,	Rapolano 1998 + + 1 141 149 237 240	(2) 309 554 Full 366 Bintje
2 141 149 237 240	(2) 294 554 Full 552 Bintje
3 141 149 237 240	(2) 285 554 Full 367 Bintje
1999 + + 1 126 147 237 250	(2) 462 146 Mixed 367 Bintje
2 126 147 237 250	(2) 462 146 Mixed 552 Bintje
3 126 147 237 250	(2) 462 146 Mixed 367 Bintje
Peru,	La	Molina 2003 1 181 n.a. 314 310	(2) 450 0 Irrigated Default Amarilis
2004 1 177 n.a. 307 310	(2) 350 0 Irrigated Default Amarilis
2005 1 164 n.a. 281 298	(2) 450 0 Irrigated Default Amarilis
2006 1 186 n.a. 319 310	(2) 350 0 Irrigated Default Amarilis
2007 1 152 n.a. 275 350	(2) 400 0 Irrigated Default Amarilis
2008 1 182 n.a. 294 235	(2) 350 0 Irrigated Default Amarilis
2009 1 183 n.a. 292 235	(2) 400 0 Irrigated Default Amarilis
2010 1 196 n.a. 307 227	(2) 350 0 Irrigated Default Amarilis
Peru,	La	Molina 2013 1 179 200 288 210	(2) 215 14 Full Default Achirana
2 179 198 288 210	(2) 215 14 Full Default Atlantic
3 179 198 288 210	(2) 215 14 Full Default Sarnavcal
Peru,	La	Molina 1985 1 30 60 122 160	(2) 449 3 Irrigated Default DTO-33
2 30 60 130 160	(2) 480 3 Irrigated Default LT1
3 30 60 144 160	(2) 485 3 Irrigated Default Revolucion
4 176 206 285 160	(2) 315 1 Irrigated Default DTO-33
5 176 206 291 160	(2) 257 1 Irrigated Default LT1
6 176 206 274 160	(2) 272 1 Irrigated Default Revolucion
Peru,	San	Ramon 1984 1 109 122 199 200	(2) n.a. 336 Full Default DTO-33
2 109 126 199 200	(2) n.a. 336 Full Default Desiree
3 109 128 199 200	(2) n.a. 336 Full Default Revolucion
Peru,	San	Ramon 2013 1 213 228 301 300	(2) 449 303 Mixed Default Achiranacal
2 213 228 301 300	(2) 449 303 Mixed Default Atlantic
3 213 228 301 300	(2) 449 303 Mixed Default Sarnav
Scotland,	Dundee 1984 1	N 104 150 268 0 187 202 Mixed Default Maris	piper
2	N 104 150 268 240	(1) 187 202 Mixed Default Maris	piper
1985 1	N 114 154 262 0 15 373 Mixed Default Maris	piper
2	N 114 154 262 240	(1) 15 373 Mixed Default Maris	piper
1986 1	N 135 166 266 175	(1) 91 200 Mixed Default Maris	piper
1987 1	N 119 155 258 175	(1) 39 346 Mixed Default Maris	piper
Sweden,	Goteborg 1998+ 1	N 145 154 252 88	(2) 480 357 Mixed 708 Bintje
2	N 145 155 252 88	(2) 480 357 Mixed 404 Bintje
Uganda,	Kalengyere 2004 1 61 n.a. 169 100	(1) – 294 Rainfed Default Asante
2005 1 80 n.a. 189 100	(1) – 318 Rainfed Default Asante
2006 1 82 n.a. 186 100	(1) – 399 Rainfed Default Asante
2009 1 273 n.a. 355 120	(1) – 501 Rainfed Default Asante
United	Kingdom,	Sutton 1998+ 1	N 126 136 239 110	(2) 98 251 Full 379 Bintje
2	N 126 136 239 110	(2) 97 251 Full 563 Bintje
3	N 126 136 239 110	(2) 99 251 Full 673 Bintje
1999+ 1	N 132 144 249 250	(2) 131 247 Full 399 Bintje
2	N 132 144 249 250	(2) 134 247 Full 543 Bintje
3	N 132 144 249 250	(2) 132 247 Full 694 Bintje
United	States,	Benton 2003 1 87 110 231 324	(9) 666 164 Mixed Default Russet	Burbank
2 87 110 231 669	(5) 666 164 Mixed Default Russet	Burbank
United	States,	Hastings 2011 1 12 43 108 168	(3) n.a. 255 Full Default Atlantic
2 12 43 108 224	(3) n.a. 258 Full Default Atlantic
3 19 45 117 168	(3) n.a. 258 Full Default Atlantic
4 19 45 117 224	(3) n.a. 258 Full Default Atlantic
5 20 45 116 168	(3) n.a. 258 Full Default Atlantic
6 20 45 116 224	(3) n.a. 258 Full Default Atlantic
United	States,	New	York 1980 1 143 157 257 275	(2) 209 297 Full Default Kathadin
United	States,	Idaho 1988 1 105 129 264 367	(10) 669 136 Full Default Russet	Burbank
2 89 115 174 354	(15) 580 123 Full Default Russet	Burbank
3 98 118 174 433	(16) 687 136 Full Default Russet	Burbank
4 117 134 264 349	(15) 644 136 Full Default Russet	Burbank
5 75 105 221 771	(17) 598 123 Full Default Russet	Burbank
6 81 114 250 375	(11) 669 123 Full Default Russet	Burbank
7 107 131 174 375	(11) 605 123 Full Default Russet	Burbank
8 91 120 174 175	(7) 686 135 Full Default Russet	Burbank
9 116 136 264 375	(11) 686 136 Full Default Russet	Burbank
10 98 125 174 375	(11) 740 136 Full Default Russet	Burbank
United	States,	Suwanee 2010 1 41 74 140 265	(4) 281 758 Mixed Default Red	Lasoda
2011 1 28 57 118 278	(5) 297 537 Mixed Default Red	Lasoda
2 43 62 140 285	(5) 291 558 Mixed Default Red	Lasoda
2012 1 31 51 123 285	(5) 349 320 Mixed Default Red	Lasoda
2 50 69 141 248	(4) 343 356 Mixed Default Red	Lasoda
2013 1 45 65 140 248	(4) 287 448 Mixed Default Red	Lasoda
United	States,	Suwanee 2001 1 46 62 141 313	(5) 507 290 Mixed Default Red	Lasoda
2 46 62 141 280	(5) 507 290 Mixed Default Red	Lasoda
2002 1 43 60 137 292	(5) 343 481 Mixed Default Red	Lasoda
2 46 64 138 261	(5) 272 489 Mixed Default Red	Lasoda






















growth	measurements	(often	with	more	 than	 two	measurements),	and	21	experiments	only	had	 information	about	 the	 final	 tuber	yield.	Table	1a	and	b	 lists	 the	experiments	we	used	with	 the	measured	experimental	variables	and	 the	management
information.
3.1	Weather	data













Cultivar Species Maturity	type Country G2	(cm2	m−2	day−1) G3(g	m−2	day−1) PD	(−) P2	(−) TC	(°C) Source
Achirana S.	tuberosum Early Peru 2000 21 0.8 0.5 17
Alpha S.	tuberosum Late Bolivia 1000 25 0.9 0.4 20
Amarilis S.	tuberosum Medium Peru 2000 30 0.9 0.9 20 (U.	Kleinwechter,	pers.	comm.,	2014)
Asante S.	tuberosum Medium Uganda 2000 26 0.7 0.9 21 (U.	Kleinwechter,	pers.	comm.,	2014)
Atlantic S.	tuberosum Early Peru,	United	States 1000 25 0.9 0.6 17 Hoogenboom	et	al.	(2012)
Bintje S.	tuberosum Late Europe 1000 30 0.8 0.1 19
Capiro S.	tuberosum Late Colombia 1000 22 0.6 0.7 17 Bowen	et	al.	(1999)
Desiree S.	tuberosum Early China,	Peru,	and	Bolivia 2000 25 0.9 0.6 16 Hoogenboom	et	al.	(2012)
Dianella S.	tuberosum Late Denmark 1500 24 0.6 0.3 18
DTO-33 S.	tuberosum Early Peru 2000 25 0.7 0.6 17 Bowen	et	al.	(1999)
INIAP-Gabriela S.	tuberosum Late Ecuador 2000 19 0.9 0.3 19 Bowen	et	al.	(1999)
INIAP-Maria S.	tuberosum Late Ecuador 2000 22 0.4 0.5 19 Bowen	et	al.,	(1999)
Jinguan S.	tuberosum – China 2000 24 0.9 0.8 17
Kaptah S.	tuberosum Late Denmark 1800 24 0.6 0.4 18
Kathadin S.	tuberosum Late United	States 2000 25 0.5 0.7 20 Hoogenboom	et	al.	(2012)
Kexin	1 S.	tuberosum – China 2000 25 0.9 0.8 17
Kufri	Bahar S.	tuberosum Early India 2000 22 0.9 0.8 23 (U.	Kleinwechter,	pers.	comm.,	2014)
LT-1 S.	tuberosum Early Peru 2000 25 0.9 0.8 17 Hoogenboom	et	al.	(2012)
Luky S.	juzepczukii Late Bolivia 2000 21 0.4 0.8 15
Maris	Piper S.	tuberosum Late Scotland 2000 25 0.8 0.4 17 Hoogenboom	et	al.	(2012)
Neishu	7 S.	tuberosum – China 1600 23 0.7 0.8 18
Posmo S.	tuberosum Late Denmark 1500 24 0.6 0.3 18
Ranger	Russet S.	tuberosum Late United	States 1100 26 0.9 0.6 17 Hoogenboom	et	al.	(2012)
Red	Lasoda S.	tuberosum Medium United	States 2000 22 0.7 0.4 19 Hoogenboom	et	al.	(2012)
Revolucion S.	tuberosum Late Peru 2000 30 1 0.6 17 Bowen	et	al.	(1999)
Russet	Burbank S.	tuberosum Late United	States 1100 26 0.9 0.6 17 Hoogenboom	et	al.	(2012)
Sarnav S.	tuberosum Late Peru 1000 30 0.2 0.6 18
Sava S.	tuberosum Late Denmark 1300 24 0.6 0.4 21
Spunta S.	tuberosum Medium Argentina 1800 24 0.5 0.1 19 Travasso	et	al.	(1996)
Tilva S.	tuberosum Late Denmark 1500 24 0.9 0.3 18
Waycha S.	andigenum Late Bolivia 1200 23 0.6 0.3 15


















-N	 (ppm).	We	 evaluated	 the	model	 simulations	 by	 comparing	 with	measured	 data	 from	 experiments,	 using	 statistical	 indices	 of	 coefficient	 of	 determination	 (R2),	 slope	 of	 a	 linear	 regression	 (m),	 root	 mean	 square	 error	 (RMSE)	 (Wallach	 and	Goffinet,	 1987),	 and
relative	RMSE	(RRMSE).	The	regression	to	calculate	the	R2	was	for	 the	1:1	 line	and	forced	through	the	origin.	This	R2	value	measures	the	true	deviation	of	 the	estimates	 from	the	observations	(Yang	et	al.,	2014).	The	slope	m	quantifies	a	possible	overestimation	or
underestimation	by	the	model.	The	RMSE	was	computed	to	provide	a	measure	of	the	absolute	magnitude	of	the	error.	All	calculations	and	graphs	were	made	using	the	R	statistical	software	(R	Core	Team,	2015).
4	Results












































Variable Number	of	paired	data Observed	range R2 Slope RMSEa RRMSEb
Tuber	dry	weight	(Mg	ha−1) 946 0.00c–32.08 0.93 1.01 2.12 37.20
Tuber	fresh	weight	(Mg	ha−1) 79 0.50–54 0.97 0.96 5.23 21.04
Aboveground	dry	weight	(Mg	ha−1) 758 0.03–9.75 0.69 0.64 1.93 85.33







Leaf	dry	weight	(Mg	ha−1) 504 0.01–3.67 0.61 0.64 0.97 90.34
Stem	dry	weight	(Mg	ha−1) 471 0.02–4.32 0.51 0.48 1.32 141.42
Dead	dry	weight	(Mg	ha−1) 57 0	00d–2.56 0.26 0.79 0.62 151.42
LAI 378 0.01–8.39 0.70 0.67 2.24 81.95
Tuber	initiation	(dap) 116 26.00–113 0.96 0.93 10.54 22.65
Tuber	N	(kg	ha−1) 184 0.10–318.20 0.92 0.90 44.78 40.40
Aboveground	N	(kg	ha−1) 160 76.48–132.72 0.78 0.65 76.48 86.23
Roots	N	(kg	ha−1) 96 0.63–8.19 0.60 0.37 6.95 153.83
Leaf	N	(kg	ha−1) 64 21.48–52.32 0.86 0.89 21.48 52.31
Stem	N	(kg	ha−1) 64 0.62–59.25 0.74 0.28 47.18 309.57
Soil	water	content	(m3	m−3) 891 0.03–0.49 0.89 0.89 1.55 62.08
NO
3 -N	(ppm) 240 0.10–58.10 0.42 1.35 9.82 95.45
NH
























sources	to	be	identified.	Estimates	by	Bobbink	et	al.	(2010)	 indicated	that	atmospheric	N	deposition	 in	India,	calculated	with	a	transport	and	deposition	N	model,	could	range	between	15	 to	–30	kg	year−1	and	could	potentially	be	a	significant	source	of	additional	N	 for
cropping	systems,	as	also	shown	for	other	regions	of	the	world	(Asseng	et	al.,	2000).	Similarly,	we	could	not	satisfactorily	reproduce	the	observations	for	some	of	the	N	rate	treatments	for	Argentina	where	N	availability	limited	crop	growth	(Travasso	et	al.,	1996).
5.4	Simulation	of	tuber	yield	and	other	variables












model,	also	had	difficulties	 in	simulating	root	dry	weight	(Dathe	et	al.,	2014).	Growth	habits	(Huaman	and	Schmiediche,	1999)	and	rooting	 traits	 (Wishart	et	al.,	2013)	vary	across	cultivars,	species,	and	 regions.	For	example,	S.	tuberosum	 is	more	 robust	and	 taller	 in
temperate	 regions,	and	smaller	 in	 the	 tropics	 (Vander	Zaag	et	al.,	1990);	 this	would	 implicate	discrepancies	 in	stem	weight	of	a	same	cultivar	 in	contrasting	 regions.	Traditional	and	modern	cultivars	give	higher	harvest	 indexes	 than	non-improved	species	such	as	S.
































and	duration	of	 tuber	bulking,	and	decrease	 the	water	and	nitrogen	uptake	at	 the	end	of	 the	growing	season.	 In	 the	SUSBTOR-potato	model,	 the	 relative	 response	 function	 to	atmospheric	CO2	 is	 too	 low	and	does	 require	adjustments	based	on
experimental	data.Uncited	referencesAlbert	(2002),	Berloo	R.	v.	Hutten	et	al.	(2007),	ZZZZ	(2016),	Lutaladio	and	Castaidi	(2009),	Lutz	(2010).
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